Programmed cell death-1 (PD-1) ligand inhibitors have gained popularity in the treatment of advanced non-small-cell lung cancer. The immune system is regulated by stimulatory and inhibitory signaling and aims to achieve the balance between activation and inhibition. Treatment with immune checkpoint inhibitors enhances immune response, but is also known to diminish immune tolerance and increase autoimmune toxicity. Here we present a case of a patient with advanced squamous cell lung cancer who developed type I diabetes and thyroiditis after treatment with PD-1 checkpoint inhibitor nivolumab. The presence of autoimmune diabetes mellitus and thyroiditis were confirmed by markedly elevated titers of the glutamic acid decarboxylase autoantibody and thyroid peroxidase antibody, respectively.
Background
The programmed cell death-1 (PD-1) inhibitor nivolumab became the standard treatment after the failure of systemic chemotherapy in both advanced squamous and nonsquamous-cell carcinoma of the lung [1] [2] [3] . The toxicity profile of PD-1 inhibitors is distinctive from cytotoxic chemotherapy and includes skin rash, colitis, autoimmune hepatitis, pneumonitis, and endocrinopathies of the pituitary, thyroid, and adrenal glands. Autoimmune diabetes was reported in a patient with metastatic melanoma treated with pembrolizumab [4] . In this case a patient with advanced squamous cell lung cancer was treated with nivolumab and developed autoimmune diabetes and thyroiditis.
Case Presentation
A 63-year-old African-American male, with no prior history of diabetes mellitus, presented with cough and dyspnea. CT scan showed a 5-cm right hilar mass and bulky mediastinal adenopathy. Stage IIIA squamous cell carcinoma of the lung was diagnosed by transbronchial biopsy, and concurrent chemoradiation was initiated with carboplatin and paclitaxel. Seven months after completion of treatment, the patient developed right lower lobe collapse and underwent bronchoscopy which demonstrated a large, completely obstructing endobronchial lesion in the right upper lobe. Biopsy confirmed recurrent squamous cell carcinoma. He received 3 cycles of intratumoral injection with cisplatin and achieved a good response. Unfortunately, 4 months later he experienced further disease progression, with a new enhancing pleural nodule and chest wall involvement on chest CT. Nivolumab therapy was initiated based on its survival benefit and potential for durable response [2] . Twenty-seven days after the first nivolumab dose, he presented to the emergency department with palpitations and fatigue. Blood glucose on admission was 592 mg/dL. He also has ketonemia and elevated anion gap. He was diagnosed with diabetic ketoacidosis (DKA) and treated intravenously with insulin and fluids. He responded well to management of DKA, and a standard insulin regimen was established. Further investigation demonstrated a markedly positive anti-glutamic acid decarboxylase (GAD) antibody and thyroid peroxidase (TPO) antibody (Table 1) . Initial TSH was normal, but the TPO antibody was positive and he developed primary hypothyroidism 3 months later after the initiation of immunotherapy.
A third dose of nivolumab was administered, and his new-onset type 1 diabetes mellitus was managed with multiple daily insulin injections. Hypothyroidism was treated with levothyroxine. Over the next 3 months his diabetes remained difficult to control, requiring hospitalization for repeated episodes of DKA. Nivolumab treatment was stopped due to recurrent DKA. A PET scan performed during one of the admissions demonstrated widespread meta-static disease, and the patient was enrolled in a hospice. His status deteriorated, and he expired 5 months after starting nivolumab.
Discussion
Immune checkpoint inhibitors including ipilimumab, nivolumab, pembrolizumab, and atezolizumab are FDA approved for the treatment of advanced malignancies, including nonsmall-cell lung cancer (NSCLC), melanoma, renal cell carcinoma, and urothelial carcinoma. Nivolumab was recently approved for relapsed/refractory classic Hodgkin lymphoma. Additional applications are under investigation [5] . Checkpoint inhibitors have demonstrated progression or overall survival benefits when compared to traditional chemotherapy. More importantly, they produce a durable response which leads to prolonged overall survival.
T-cell activation is regulated by a dynamic interplay and balance of positive and negative signaling pathways. PD-1 is expressed on activated T cells and, upon interaction with its ligands PD-L1 and PD-L2, mediates inhibitory signaling via recruited cytoplasmic tyrosine phosphatase SHP-2 to immunoreceptor tyrosine-based switch motif, rather than immunoreceptor tyrosine-based inhibitory motif, which is more commonly associated with inhibitory signaling. This results in the negative regulation of immune response through decreased production of IL-2 [6, 7] . PD-L1 is widely expressed on tumor cells and other immune cells. Tumor cells can evade host immune surveillance by downregulating cytotoxic T-cell signaling through the upregulation of PD-L1 expression. PD-1 inhibitor interrupts the inhibitory signaling and enhances T-cell immunity; however, it may also cause impaired immune tolerance and autoimmune toxicities.
Our patient had no prior diagnosis of diabetes mellitus or thyroid disease, but presented with DKA 27 days after the initiation of nivolumab. GAD antibody titer was 26.6, which was markedly elevated (Table 1) . He also had evidence of thyroid autoimmunity with positive TPO antibody. Even though initially euthyroid, he developed overt primary hypothyroidism 3 months after the initiation of anti-PD-1 immunotherapy. The patient had no clinical signs or symptoms of adrenal insufficiency or hypophysitis.
In a preclinical model, PD-1-deficient (PD-1 -/-) mice develop different autoimmune diseases depending on genetic background, which indicates that PD-1 plays a role of inhibitory signaling in immune response. The PD-1 -/-mice on the C57BL/6 background develop lupuslike glomerulonephritis, whereas those with the BALB/c background develop a phenotype of anti-cardiac troponin I autoantibody-mediated dilated cardiomyopathy [8, 9] . The nonobese diabetic (NOD) mouse is a model of type I diabetes. NOD-Pdcd1 -/-mice exhibit ac celeration of early-onset type I diabetes compared with NOD mice with 100% penetration [10, 11] .
Consistent with the preclinical model, autoimmune diabetes has been reported in patients treated with PD-1 inhibitors. Martin-Liberal et al. [4] have reported a patient with metastatic melanoma who developed diabetes after 3 cycles of pembrolizumab. Autoimmune diabetes was diagnosed with positive GAD antibody and anti-insulin IgG. Human leucocyte antigen (HLA) typing in this patient showed HLA-A2, DR4, and DQ8, consistent with increased risk of type I diabetes in children. This patient was continued on pembrolizumab with no increased insulin requirement. Hughes et al.
[12] reported 4 cases of type I diabetes in patients treated with nivolumab for NSCLC, SCLC, melanoma, and renal cell carcinoma, and 1 case in a patient treated with pembrolizumab for melanoma. The onset of DM ranges from 1 week to 5 months. HLA typing demonstrated both A2.1+ and DR4+ in 3 patients; A2.1+ or DR4+ alone was found in the other 2 patients. The patient with NSCLC developed DKA in less than 1 month after nivolumab, whereas our patient developed type I diabetes after only 2 doses of nivolumab.
Conclusion
Nivolumab therapy demands vigilance for the possible development of serious autoimmune complications. Our case illustrates the risk of these complications both during and subsequent to nivolumab therapy. 
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